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Abstract: Guam is the administrative and economic hub of Micronesia, hosts one of the largest U.S. military bases in the Pacific, and lies at the crossroads among Pacific islands, the United States, and Asia. Although terrestrial introductions, exemplified by the brown tree snake, have received much attention, marine introductions have been little studied until now. We have documented a diverse assemblage of marine species brought to Guam by human-mediated transport: a few intentionally, most unintentionally. Sessile species dominate the nonindigenous biota. Because of Guam's tourism-based economy, ballast water is not a major source of introductions, but ship's hulls have brought many invaders. A study of the fauna associated with two dry docks demonstrates the large impact of such structures, moved slowly from harbor to harbor after long residence times. The majority of nonindigenous species have remained confined to artificial substrata in the harbor, but some have invaded adjacent coral reef habitats and spread islandwide. Although several nonindigenous species are now well established, major impacts to reefs on Guam remain to be identified. Space on reefs is vastly dominated by indigenous species; in contrast artificial substrata often have an abundance of nonindigenous species.
Coral reefs are arguably the most diverse and among the most vulnerable shallowwater marine habitats. The faunal richness of reefs, like that of other highly diverse habitats, is still poorly documented, but appears to be at least in the many hundreds of thousands of species (Paulay and Meyer 2001, unpubl. data) . The vulnerability of reefs to anthropogenic disturbances is being increasingly realized with the spread of coral bleaching, the emergence and spread of numerous diseases that affect major reef-building and reef-associated taxa, and the large-scale reef destruction that has resulted from a wide range of human activities (e.g., Wilkinson 2000 , Jackson et al. 2001 . How important are nonindigenous species as threats to reefs? Have many nonindigenous species invaded coral reef systems? Has their impact been great? The purpose of this study was to evaluate the nature and impact of the anthropogenic biotic interchange on coral reefs on a diverse and moderately disturbed reef site: the island of Guam.
Lying just east of the western Pacific diversity center, Guam hosts by far the most diverse reefs under U.S. jurisdiction. For example, the 276 species of reef coral species in the local fauna represent about four times the diversity of the entire Caribbean and more than five times the diversity of the Hawaiian reef coral faunas (Maragos 1995 , Paulay 1997 , Randall 2002 . As the economic and population hub of Micronesia, the island also hosts the largest and busiest port in the area and thus has the greatest potential for receiving nonindigenous species.
Biotic interchange is frequently asymmetrical, with one region predominating as donor, the other as receiver of migrants (Vermeij 1991) . The more diverse region is usually the donor, disproportionately biased relative to that predicted from its greater diversity alone. This has been interpreted as reflecting different levels of escalation among regional biotas-with more diverse biotas being at a higher level of escalation, and thus having a greater ability to invade, than less diverse biotas (Vermeij 1991) . Although these hypotheses are based on examples of natural biotic interchange, they can be extended to predict anthropogenic biotic interchange as well. Thus high-diversity habitats such as reefs, especially near the global marine biodiversity center, may be expected to be relatively resistant to the invasion of nonindigenous species. This expectation is gaining some empirical support (Stachowicz et al. 1999) . If so, nonindigenous species would be expected to establish only in limited, disturbed areas and to penetrate into undisturbed reef communities on a more limited basis. Guam, with highly diverse reef habitats combined with both long-term and largescale human influence, provides an excellent area to test these expectations.
Regional Setting and Human Impact
Guam (13 N, 144 E; 541 km 2 ), the southernmost island of the Mariana Archipelago, is the largest and economically most developed island in Micronesia, and the regional hub for shipping and travel. Guam has long been the center of regional activities. The Marianas were among the first islands settled in Micronesia, with clear evidence for human occupation dating to 3500 b.p. and indications of human presence to 4300 b.p. (Kirch 2000) . Magellan's landing on Guam in 1521 was the first western contact in Oceania. Although virtually no other central Pacific island experienced appreciable European influence until the late eighteenth century, Guam became a major stop along the Manila-Acapulco galleon route starting in the sixteenth century and a Spanish colony in the seventeenth century. Guam became a U.S. territory after the Spanish-American War in 1898, and the rest of the Mariana Islands passed through first German, then Japanese hands at that time. The island has been affiliated with the United States ever since, except for a brief period of Japanese occupation during World War II. Economic activities, including shipping, increased substantially during World War II and have grown steadily since then. Today the economy depends strongly on tourism and on the U.S. military. With a population currently around 140,000 and with well over a million tourists a year, Guam is the most populous and visited island in the region. Thus, opportunities for the introduction of nonindigenous species within Micronesia have always been greatest in Guam.
Opportunities for introduction and the rate of influx of nonindigenous species into Guam have clearly increased through time. Documented introductions of terrestrial organisms dating from the prehistoric period include numerous cultivars, rats, lizards, land snails, and likely several insects and other invertebrates. Marine organisms may also have arrived with ancient voyaging canoes. During the Spanish period, galleons and other vessels provided avenues for the colonization of marine as well as terrestrial organisms (cf. Carlton and Hodder 1995) . The military buildup during and after World War II has led to large-scale movement of personnel and materials, with increasing opportunities for introductions. The most infamous nonindigenous species from this period is the brown tree snake (Boiga irregularis), believed to have come from the Solomons or New Guinea with military cargo, which has spread rapidly through the island with devastating consequences for the terrestrial vertebrate, especially avian, fauna (Savidge 1987) . In addition to unintentional introductions, many species were purposefully introduced on land and a few in the ocean. Introductions included a range of food plants and animals, ornamentals, and biocontrol agents (e.g., Nafus and Schreiner 1989, McConnell and Muniappan 1991) . The extent and impact of terrestrial introductions have received some attention, but those in the marine environment have remained relatively little studied (but see Eldredge 1994 ).
Geology and Reefs
The Mariana Island arc is composed of young, active volcanic islands to the north and geologically more complex, volcanically quiescent, older islands to the south. The northern islands have volcanic shores with limited reef development, but much of the shoreline of the southern islands is karstic, composed of uplifted Pleistocene reefs surrounded by narrow benches, fringing reefs, and occasional barrier reefs. Guam has the best-developed reef system in the Marianas, including the only deep lagoon, Apra Harbor, which also functions as the main regional port (Figures 1, 2) . Nevertheless, in comparison with islands in Palau and the Federated States of Micronesia to the south and the Marshall Islands to the east, the reefs and lagoons of the Marianas are considerably less developed.
The relatively limited reef development around Guam is reflected in a relatively narrow diversity of marine habitats. The development of fringing reefs ranges from absent, through narrow raised benches and intertidal flats, to more substantial fringing reefs with well-developed moats and barrier reefs. A striking north-to-south gradient in reef development appears to be partly the result of uneven tectonic uplift. Thus karstic, northern Guam has the narrowest reefs, and the volcanic south has the widest reefs. Reef development is also under local geological control, with the large embayments in Tumon, Hagåtñ a, and Pago having developed the widest fringing reefs, and with a barrier reef developed north of the projecting Orote Peninsula. The last encloses Apra Harbor, the only deep lagoon on Guam. The only other barrier reef lies at the southern end of Guam, enclosing shallow (<12 m deep) Cocos Lagoon. Additional variation in reef habitat results from differences in wind, wave, and current exposure, with eastern reefs being more exposed than western reefs to both tradewinds and typhoons. Fore reefs exhibit moderate variation around the island in width, terracing, and the abundance of mobile sediments. Mangroves are limited to very small stands in stream estuaries and to larger, but still narrow bands in inner Apra Harbor and at the southeastern end of the island in Merizo. Sea grass beds are developed along the larger fringing reef systems as well as in Cocos Lagoon.
Apra Harbor
Apra Harbor is the only deep lagoon in the Marianas; it is also the largest and busiest port in the archipelago. The unique environment of the harbor provides habitat for many species that are found nowhere else on Guam. The harbor is also the main point of entry for species introduced by shipping traffic. Both types of species are important from a conservation perspective: species restricted to the harbor are vulnerable to local extinction because of their restriction to a small area with high levels of human impact, and introduced species may negatively impact indigenous species. The restriction of many indigenous species to the harbor, however, also makes the identification of nonindigenous species on Guam more difficult.
Apra Harbor has been substantially altered from its original form since World War II. The lagoon was originally bounded by the Orote Peninsula along the south, the bulk of Guam along the east, and Cabras Island along the northeast. The northern perimeter of the lagoon was protected by Luminao barrier reef, giving way to Calalan Bank, a submerged barrier reef lying at a mean depth of ca. 6 m, farther westward. Glass Breakwater, constructed atop Luminao Reef and Calalan Bank after World War II, led to the complete enclosure of Apra Harbor along the north. This structure greatly reduced circulation between the harbor and the ocean by restricting exchange to the western harbor entrance (Figure 2) .
In addition to these alterations to the Apra barrier reef system, filling and dredging altered the inner parts of the harbor after World War II. Most important among these changes were (1) the dredging of the inner harbor, which changed the southeastern arm of the lagoon from a reef-choked, silty embayment to a harbor with a uniform-depth, mud bottom, and (2) the fill projects that created the Dry Dock Island Peninsula, Polaris Point, and artificial shorelines along the northeastern and southeastern boundaries of the harbor. These developments largely restricted the extent of natural shallow, silty fringing flats; inner, silty patch reefs; and mangroves within the harbor to the inner margin of Sasa Bay.
Despite these major alterations, Apra Harbor has a vibrant and thriving marine biota, including well-developed reefs, with some of the highest coral cover on Guam, and a diverse biota. Apra Harbor is thus unlike many larger ports, which have become substantially degraded for marine life (e.g., Morton 1990 , Asakura 1992 .
Physical, chemical, and biotic conditions all show pronounced east-to-west gradients in the harbor, related to the unidirectional exchange of water through the western entrance. For example, turbidity, the abundance of plankton, and benthic suspension feeders increase, and bottom sediments become finer eastward. Benthic habitats range from nearly oceanic reefs along the northwestern end of the Orote Peninsula, to silt-choked, lagoonal patch reefs; mud and silty sand bottoms; and mangroves in Sasa Bay and the Inner Harbor.
Sources of Nonindigenous Species
The main potential sources of nonindigenous species to Guam are purposeful introductions for fisheries and mariculture together with species that inadvertently arrived with such seed stock and hull and ballast transport with shipping traffic. The nature and extent of purposeful introductions of marine species is relatively well documented because they have been carried out largely by government agencies (Eldredge 1994) , although accidental introduction of species hitchhiking on purposeful introductions (such as the parasitic gastropod Tathrella iredalei on tridacnines introduced to Guam) remains poorly explored.
There is much greater potential for hull than for ballast transport to Guam. With an importing economy, much more cargo is offloaded on the island than is taken away, minimizing the need for ballast discharge. Hull transport has considerably greater potential, including past opportunities on slow-moving, wood-hulled sailing ships and current opportunities on a variety of vessels ranging from recreational boats to container ships and military vessels, and even floating dry docks. The potential impact of the latter was demonstrated in the 1990s with the arrival of the dry dock Adept, from Subic Naval Station in the Philippines in 1992, and the Machinist, from Pearl Harbor, Hawai'i, in 1999 (see discussion later in this article). Commercial shipping traffic to Guam originates mostly from the U.S. mainland via Hawai'i and to a lesser extent from Asia. The two largest freight companies, Matson Shipping and CSX Lines, route through Hawai'i to Guam and return to the United States via Asia. Smaller shipping lines, however, also connect Guam with several Asian cities, as well as with islands throughout Micronesia.
Biotic Surveys
We have carried out five major marine biodiversity surveys on Guam, two focusing on nonindigenous species (Figure 1) . A preliminary nonindigenous species survey focusing on bivalves was funded by the Insular Pacific Marine Research Program and carried out in [1995] [1996] . A survey of introduced species on Guam, focusing on hard-bottom fauna, was funded by SeaGrant and carried out in 1998-2000. Three regional biodiversity and monitoring surveys were funded by the Department of Defense and focused on the marine faunas of Apra Harbor, southern Orote-Agat Bay, and the Pugua Patch ReefHaputo areas, respectively, between 1996 and 2001. Each of these surveys focused on hardbottom macrofauna, and specimens were individually collected in the field (i.e., we did not take bulk samples for subsequent laboratory analyses). We defined macrofauna as taxa whose species are largely >1 cm in size. In each survey we first distinguished the major habitats in the survey area and then selected replicate stations within each habitat type. Each station was sampled by a team of divers and all macrofauna encountered was identified or collected if not immediately identifiable. Coverage of exposed taxa was generally good; cryptic species were less well sampled. A total of 682, 1252, and 944 species, respectively, was recorded in the last three surveys mentioned.
In addition to these structured surveys, there has been considerable attention in re-cent years to Guam's biodiversity. Those efforts have culminated in a volume of Micronesica covering the marine biodiversity of Guam in a series of checklists (Paulay 2002 ). Although coverage is uneven both taxonomically and in terms of habitats surveyed, the checklists document > 5500 marine species on the island ( Figure 3 ). Macroalgae, scleractinians, echinoderms, and fishes are best known, and sponges, anthozoans, hydrozoans, macromollusks, stomatopods, decapod crustaceans, barnacles, and ascidians are moderately well known. In contrast, most worm groups, smaller crustaceans, bryozoans, most microinvertebrates, and microorganisms have been little studied. The hard-bottom biota is much better known than the soft-bottom biota. Nevertheless the checklists on hand are relatively accurate because they are based largely on each author's firsthand knowledge of their respective groups; thus multiple listings that often arise from literature-based compilations are minimized.
Each of the structured surveys, as well as general biodiversity prospecting before and concurrent to these, has emphasized recognizing morphospecies in the field. This approach allowed for the characterization of the habitat specificity and distribution of each species by fieldwork even before their taxonomic identification was completed. The knowledge gained about habitat specificity and local distributions has provided evidence for evaluating the likelihood that a particular species is nonindigenous. Identification of morphospecies was done either by specialists on the group (see Acknowledgments) or by us for well-known groups where available taxonomic literature permitted facile identification.
Nonindigenous Species Recognition and Cautions
Recognition of nonindigenous status is hampered by several factors on Guam. Few parts of the biota have been systematically studied to date, and taxa that have received such attention (e.g., algae, corals, and fishes) have been well documented for at most a few decades. Although there is a substantial Pleistocene record, this has received little attention, limited largely to well-skeletonized taxa such as corals and mollusks. Because there is little endemism in the fauna and it is impossible to rule out the adventive nature of most species, much of the biota would have to be classified as cryptogenic if one applied strict criteria to demonstrating indigenous status (Carlton 1996) . Finally, the island lies in the relatively understudied and megadiverse Indo-West Pacific region, where substantial proportions of even common species are undescribed and the distributions of the majority of species remain poorly documented. The lack of taxonomic and distributional information hampers the application of geographic criteria for the identification of nonindigenous species. However, the biodiversity surveys that are now completed will provide background information against which potential future introductions can be assessed.
The main criteria we used for recognizing nonindigenous species on Guam were distribution outside Guam, and association with, or restriction to, artificial substrata, including vessels that could affect dispersal (Chapman and Carlton 1991) . Restriction to harbor habitats was also taken into consideration, although as already mentioned, the unique environment of the harbor is also the sole habitat of numerous clearly indigenous species. A few species were known to have been introduced, and others are clearly or likely associated with introduced species. Although a widely disjunct distribution is highly suggestive of nonindigenous species status, it is difficult to apply this criterion to species whose distribution is relatively poorly documented. This is a concern especially in megadiverse settings such as the Indo-West Pacific, where much of the biodiversity remains undescribed and species ranges are often poorly documented. A circumtropical or cosmopolitan distribution itself is suggestive of nonindigenous species status; however three problems need to be taken into consideration with such taxa: (1) Are they really widespread? If yes, (2) are they capable of such wide dispersal without human agency? If not, (3) what is their home range? A few examples readily illustrate these problems.
It is becoming increasingly clear that many species that were previously thought to be widespread, and have at times been identified as nonindigenous species, are actually sibling species complexes (e.g., Poore 1996 , Sponer et al. 1999 . Morphological criteria alone may be insufficient or difficult to find for identifying some species in general and nonindigenous species in particular.
If a species is indeed circumtropical (or otherwise widespread), it may have reached its current distribution naturally. A widespread distribution can be relictual, if the organism can no longer disperse throughout its range or be actively maintained. For example, numerous species (e.g., the slipper lobster Parribacus antarcticus, the sea cucumber Holothuria impatiens, the gastropod Cymatium pileare) are recorded from both the tropical West Atlantic and the Indo-West Pacific, without other indication of being nonindigenous species. Many of these species likely became widespread before the closure of the Isthmus of Panama, but have not undergone sufficient morphological differentiation to be recognized as distinct species. This hypothesis can be tested readily with genetics (e.g., Colborn et al. 2001 ). Alternatively such IndoWest Pacific and West Atlantic populations may be in genetic contact (e.g., Graves 1998). Such actively maintained circumtropical distributions require not only an ability to disperse widely, but also a tolerance of cool water, because connections between the Atlantic and Indo-Pacific basins are possible only at temperate latitudes.
Species that are widespread as a result of human agency nevertheless clearly have an indigenous distribution and should not be assumed to be nonindigenous species throughout their range. For example, the circumtropical barnacle Balanus amphitrite is often considered to be a nonindigenous species, partly because of its widespread range, and partly because it is frequently associated with artificial substrata such as ship hulls. This species was thought to be nonindigenous at most locations and was so assumed by us on Guam initially. However, shells of what appear to be this species are present in late Pleistocene deposits in Apra Harbor, indicating that, at least in the Pleistocene, Guam was part of the indigenous range of this species. Balanus amphitrite itself is part of a major species complex (Henry and McLaughlin 1975) , adding to the problem; fossil shells from Guam are currently under study by Patsy McLaughlin. In the past we also considered the possibility that the bivalves Chama brassica, Chama lazarus, and Lopha cristagalli were introduced to Guam. Guam lies at the edge of the distributional range of these species, and they are either much more common in or restricted to the harbor and are known to have been transported on hulls to the Hawaiian Islands (Paulay 1996) . However, shells of all three are present in Pleistocene deposits, implying that a natural occurrence on Guam is more parsimonious.
Nevertheless, widespread ranges can also clearly result from anthropogenic transport. This is especially likely in taxa with poor dispersal abilities. Ascidians provide a compelling example: ascidian larvae are short lived (typically minutes to hours [Berrill 1950]) , their fouling habits make them prone to human transport (Lambert 2002b , although also to natural rafting [e.g., Jokiel 1990]), and many species are circumtropical or cosmopolitan (e.g., 29% of the identified fauna on Guam, n ¼ 82). Hydroids provide another likely example, where many morphospecies have short planktonic periods (e.g., in species lacking free-living medusae) yet very wide ranges (Kirkendale and Calder 2002) . The wide range of such taxa must be the result of dispersal during their sessile, adult stages, either through natural rafting or artificial fouling transport (cf. Jackson 1986) .
One can test the hypothesis that widespread ranges are frequently the result of anthropogenic transport by examining whether geographic range is correlated with an independent criterion that is also thought to be indicative of introduced status. To do this we compared geographic range with restriction to artificial substrata in hydroids and ascidians, sessile taxa whose restriction to artificial versus natural substrata is easy to interpret and that have received taxonomic attention in recent surveys on Guam. Cosmopolitan ascidians are more likely to be restricted to artificial substrata than ascidians whose range is limited to the Indo-West Pacific (Figure 4 [two-way contingency test, G ¼ 8:06, P < 0:005]). A statistically nonsignificant trend exists in hydroids, where 10% of Indo-West Pacific and 22% of cosmopolitan species are only known from artificial substrata. Such correlation implies that cosmopolitan distribution is at least frequently the result of human transport. Nevertheless some cosmopolitan hydroids and ascidians show no other signs of being nonindigenous: they are unknown on artificial substrata, are not known within Apra Harbor, and are part of typical reef communities. Whether these represent nonindigenous species, indigenous species that have been carried outside the Indo-West Pacific, or species that have naturally become widespread remains to be tested.
Although cosmopolitan distributions are very common among the hydroids (53%, n ¼ 43) and ascidians (29%, n ¼ 82) studied, they are much less common among other taxa. These disparities likely reflect differences in dispersal abilities among taxa, with the unusually high cosmopolitanism of hydroids and ascidians likely indicative of human-assisted dispersal of these groups.
For example, only 10% (n ¼ 192) of the echinoderms known from Guam have a range that extends outside the Indo-West Pacific, and most, if not all, of the wide-ranging species appear to have occupied their range naturally (Table 1 ). Thus 13 of the 19 widespread species extend only to the East Pacific, a contiguous region. Although the Indo-West Pacific and East Pacific are separated by the wide and formidable East Pacific open ocean barrier, this barrier is clearly breached by the propagules of numerous species (Rosenblatt and Waples 1986 , Scheltema 1988 , Lessios et al. 1996 , 1998 . That such pan-Pacific distributions are largely natural is underscored by the preferential occurrence of pan-Pacific species on offshore islands compared with the continental mainland (Emerson 1991, Lessios et al. 1996 Lessios et al. , 1998 . This bias makes sense for natural migrants, because these islands are closer to the source region and also have more appropriate reef habitats, but not for anthropogenic introductions, because the islands have sparse or no human populations. Clipperton Atoll, which has the largest proportion of Indo-West Pacific species in its biota, is the most isolated island in the region and is uninhabited. The remaining six species of extra-Indo-West Pacific echinoderms range into the Atlantic, and at least some of these are genetically divergent there, as expected for species whose distribution was set up before the closure of the Isthmus of Panama (Table 1) .
Recognition of Nonindigenous Species on Guam
The term cryptogenic was introduced into the nonindigenous species literature to denote species that cannot be proven to be introduced or indigenous (Carlton 1996) . As we already noted, it is difficult to be certain that any given species is indigenous to Guam because historical information from older surveys as well as from the local fossil record is quite limited, and the biota has few endemics. Thus we prefer an operational rather than a strict use of the terms introduced and cryptogenic. We used 11 indicators to assess the probability that a species was introduced to Guam and grouped these into three categories with regard to their likely accuracy (Table 2). These indicators were used only in the absence of contrary evidence, such as from the fossil record (already mentioned). Primary indicators provide the strongest evidence for nonindigenous status, and species possessing any of them were considered introduced. Secondary indicators provide less powerful evidence of nonindigenous status, and species possessing them were considered cryptogenic, or if they possessed two of these traits, introduced. Tertiary indicators are the least powerful; species possessing two of these traits were considered cryptogenic. These criteria are probably more conservative in recognizing nonindigenous species than other methods, but also more objective. 
Nonindigenous Species on Guam
Applying these criteria, we currently recognize 85 nonindigenous species on Guam (see Appendix). This list is clearly incomplete because many taxa have not been systematically collected and taxonomic work on others remains incomplete. Nevertheless it provides a basis for analysis. Forty-one species can be categorized as introduced and 44 as cryptogenic. As noted earlier the latter category in particular is applied stringently here; more liberal criteria would yield a larger number of cryptogenic taxa. Twelve (14%) of the introduced species represent purposeful introductions, the rest accidental. A striking feature of the nonindigenous biota of Guam is the preponderance of sessile species: 76% among all and 86% among accidentally introduced or cryptogenic species live attached. The same does not apply to intentionally introduced species, of which only 17% (n ¼ 12) are sessile. Only 3 (15%, n ¼ 20) of the mobile species have not been purposefully introduced or transported on ship hulls and thus are candidates for introduction via ballast water. Ten of the remainder were intentionally introduced to Guam, four arrived on dry dock hulls, one additional species has also been collected on dry dock hulls, and one was definitely and one likely associated with a purposeful introduction.
Sessile nonindigenous species include numerous sponges, hydroids, anemones, cemented and strongly byssate bivalves, barnacles, bryozoans, and ascidians. In contrast to their predominance among nonindigenous species, sessile species compose <20% of Guam's documented marine fauna (cf. Figure 3) . Because restriction to artificial substrata was one of the main indicators used to recognize nonindigenous species and because sessile species are more likely to be so recognized, the potential of partial circularity needs to be addressed. Another criterion for nonindigenous species status, extra-IndoWest Pacific distribution, can be used to test whether sessile species are indeed better represented among potentially introduced species than mobile species.
Both a comparison of sessile and mobile crustaceans and of sessile and mobile deuterostomes strongly suggests that the high incidence of sessile species among nonindigenous species is real. Thus the barnacle fauna of Guam includes a significantly higher proportion of species with extraregional distribution than the decapod crustacean fauna of the island (13% versus 1.4%, n ¼ 30 versus 552; G ¼ 9:7; P < 0:005). Similarly, ascidians on Guam have a much higher proportion of ex- tra-Indo-West Pacific species than do echinoderms (28% versus 10%, n ¼ 82 versus 192; G ¼ 13:7; P < 0:001).
The preponderance of sessile species in the nonindigenous fauna supports the importance of hull transport compared with ballast transport as the main source of introduced species on Guam. Sessile species are abundant on ship hulls, especially on vessels, such as dry docks, that sit in place for a long period before being moved to a different location. Many of the nonindigenous species recognized on Guam, as well as other species that are thought to be indigenous to the island, were encountered fouling dry docks towed to Guam from the Philippines and Hawai'i (see following discussion). Furthermore, some of the groups best represented among the nonindigenous species do not have a long-lived larval stage; thus their persistence as larvae in ballast water is unlikely. Ascidians, represented by 31 species in the nonindigenous fauna, and with larval life spans of minutes to hours (Berrill 1950) , are the most striking example. These results also fit with the observation made above that ballast water is rarely released in the vicinity of Guam, because of the importing economy of the island. In contrast, there are ample opportunities for hull transport.
Among hull transport opportunities, floating dry docks appear to be especially effective agents. Dry docks are large vessels that are used for ship repair and stay anchored in harbor environments for many years. Two dry docks were towed to Guam in the 1990s: the Adept in 1992 from Subic Bay Naval Base in the Philippines, and the Machinist in 1999 from Pearl Harbor, Hawai'i. The Machinist was also at Subic earlier, but had been stationed in Hawai'i for a number of years. The Adept was briefly surveyed in 1992, and the Machinist more extensively in 1999. The Adept was covered with a relatively thin growth of sessile organisms, presumably because it was partially cleaned, but the Machinist arrived with a thick coat of sessile benthos. Both dry docks carried a diverse fauna, despite these differences. Sponges; hydroids; anemones; serpulid, spirorbid, and sabellid polychaetes; oysters; pteriid bivalves; barnacles; crabs; bryozoans; ascidians; and fishes were seen associated with the Adept, and an even more diverse biota documented for the Machinist. A detailed analysis of the latter is planned once identification work is completed.
The Machinist took 6 weeks to transit from Hawai'i to Guam, at an average speed of @5.5 km/hr (3 knots). Ralph DeFelice (1999) surveyed the dry dock shortly before it left Hawai'i and recorded 113 species. We surveyed it a few days after it arrived on Guam and collected numerous species, 42 of which have been identified to date. Eighty-two percent of these were encountered by DeFelice (1999) in Hawai'i, and over half of the identified taxa represent new records for Guam.
Although transport by the Machinist was very effective, because a large proportion of the associated species arrived alive on Guam, many species did not survive long after arrival. Most of the sessile bivalve species associated with the dry dock were highly emaciated, with watery, small bodies within their shells, and appeared to have exhausted much of their energy reserves. This presumably reflects starvation during the long journey across the highly oligotrophic waters of the North Pacific gyre, especially in comparison with the rich waters of their harbor of origin. Most of the mollusks transported by the Machinist to Guam were dead within a year of their arrival in Apra Harbor (Table 3) . Note: Both surveys based on swim through under hull of dry dock, with >1 hr search time for mollusks. Although dead shells of all the cemented bivalves remained common in August, only two species were encountered alive.
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Although the cause of these mortalities is unclear, starvation during transport likely contributed toward it. In contrast with the high mortality of mollusks after arrival, the transported sponge fauna appears to have remained largely intact, although identification work on this fauna remains to be completed. However, on the basis of their field appearance, many if not most species of sponges encountered in July 1999 were still on the Machinist's hull in August 2000.
Impact of Nonindigenous Species on Guam
Entry of marine nonindigenous species is usually port-associated, and ports are not randomly distributed among marine habitats, but preferentially located in protected environments such as large estuaries, lagoons, and bays. As a result, anthropogenic biotic interchange is much more likely among such protected habitats than among habitats along open coasts. Consequently the biota of protected habitats is much more vulnerable to disturbance or extirpation by nonindigenous species than the biota of other habitats. Two aspects of the impact of nonindigenous species are the extent to which (1) nonindigenous species have spread out of the recipient habitat into surrounding habitats, and (2) the habitats of the recipient environment are occupied, and indigenous species impacted, by nonindigenous species. Both impacts appear to be relatively limited on Guam to date. Only 23% of the nonindigenous species recognized on Guam have been found in natural habitats outside Apra Harbor: six introduced and 14 cryptogenic species. These include three purposeful introductions: two brackish-water fish species and the gastropod Trochus niloticus. The latter species is now abundant around Guam and the basis of a local fishery. Ten (50%) of the nonindigenous species that have been encountered outside Apra Harbor are ascidians; none of these is abundant. Aside from Trochus niloticus, only the cryptogenic hydroids Pennaria disticha and Thyroscyphus fruticosus are relatively common outside Apra Harbor. More striking is the lack of spread of some nonindigenous species that are well established in Apra Harbor, such as the Caribbean barnacle Chthamalus proteus and the sponge Ianthella basta.
Even within Apra Harbor, nonindigenous species are not abundant on natural substrata. Over half (46) of the recognized nonindigenous species are restricted to artificial substrata (e.g., moorings), and even those that are not so restricted are often most abundant on artificial bottoms. Although nonindigenous species are important as bottom cover on anthropogenic substrata, they are currently inconsequential on natural bottoms. A survey of the sessile biota on a patch reef and adjacent mooring buoys in Apra Harbor revealed that although nonindigenous species were absent on the former, they have become important space occupiers on the latter (Figure 5) . These results support the hypothesis that diverse coral reefs are relatively difficult to invade.
The preferential invasion of artificial substrata by nonindigenous species is partly a reflection of differences in habitat preference among invading and indigenous taxa. That artificial substrata attract a different community has been clearly demonstrated (Connell and Glasby 1999 , Glasby 1999 , Connell 2000 , and because the majority of nonindigenous species appear to disperse by hull transport to Guam, their preference for artificial bottoms is not unexpected.
Conclusions
Coral reefs are among the most vulnerable marine ecosystems, currently facing a variety of anthropogenic onslaughts ranging from overfishing to global warming (e.g., Wilkinson 2000 , Jackson et al. 2001 . However, as diverse ecosystems, reefs would be expected to be relatively resistant to invasion (Vermeij 1991) . The survey for nonindigenous species on Guam has revealed two sides to this expectation. As have other major ports (Ruiz et al. 1997) , Guam has been invaded by numerous nonindigenous species. However the spread and impact of nonindigenous species have as yet been relatively limited. Unlike environments such as San Francisco Bay, where nonindigenous species dominate many habitats (Cohen and Carlton 1998) , nonindigenous species on Guam are relatively rare on natural reef bottoms, although abundant on artificial substrata. Even Pearl Harbor in O'ahu has been invaded to a much greater extent than Apra Harbor both in terms of diversity and abundance of nonindigenous species (Coles et al. 1999) .
The difference between invasion and impact on Guam and those in other locations is the result of several factors. First, although Guam is the metropolitan center of Micronesia and Apra Harbor is the major regional port, both the population of Guam and shipping traffic to Apra Harbor are much lower than in Pearl Harbor, San Francisco Bay, or other major continental ports. Second, the reefal environment of Apra Harbor is still relatively intact, with diverse reef communities. This contrasts with Pearl Harbor, which although lying in the coral reef belt, has few reef corals living within its confines (Coles et al. 1997) . Thus, opportunities for invasion are more limited and the potential resistance of indigenous communities to invasion is higher because of both their innate diversity and only moderately disturbed nature. Although marine nonindigenous species problems are currently relatively minor on Guam, the potential is there for disaster: the islandwide spread of several nonindigenous species has shown that tropical reef communities are not immune to invasion.
Like most other small, oceanic islands, Guam does not have a large industrial base and as a result has a mostly importing economy. This is reflected in the characteristics of the nonindigenous biota. Opportunities for ballast transport have been relatively limited, and hull transport appears to have been the predominant avenue of invasion. The preponderance of a sessile lifestyle among the nonindigenous fauna clearly reflects this bias. The opportunities for hull transport have been strongly demonstrated by the entire biotas that two dry docks brought to the island in the 1990s. Based on criteria listed in Table 2 (A-K) and following references: 1, Bailey-Brock (2002); 2, Eldredge (1994) ; 3, Eldredge and Paulay (1996) ; 4, Kelly et al. (2002); 5, Kirkendale and Calder (2002); 6, Lambert (2002a); 7, Smith (1987); 8, Southward et al. (1998) .
j Current occurrence on Guam.
k Extra-Indo-West Pacific range is result of human transport into the Atlantic.
